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(54) Monopole antenna that can easily be reduced in height dimension 



(57) There are provided a dielectric substrate (2) 
that erects from a ground surface (1), and a radiation 
conductor (3) that is provided on a surface of the dielec- 
tric substrate so as to extend in the vertical direction. 
The bottom end of the radiation conductor is connected 
to a feeder line (4). The radiation conductor has a bottom 
portion and a top portion that is distant from the ground 



surface and is wider than the bottom portion. Increasing 
the capacitance by making wide the top portion (capac- 
rtive region), having a large voltage variation, of the ra- 
diation conductor in this manner lowers the resonance 
frequency. Therefore, a height dimension of the radia- 
tion conductor for attaining resonance at a desired fre- 
quency can be made much smaller than in conventional 
monopole antennas. 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0001] The present invention relates to a monopole 
antenna that is used for transmission and reception of 
satellite communication and satellite broadcast. In par- 
ticular, the invention relates to a monopole antenna that 
is suitable for vehicular and portable use. 

2. Description of the Related Art 

[0002] A rod-shaped radiation conductor that erects 
from a ground surface of a metal plate or the like and 
that has an overall length of A/4 (A: the free space wave- 
length of radio waves) is widely employed as a monop- 
ole antenna that is used in mobile communication equip- 
ment etc. for transmission and reception of radio waves 
in a frequency range of 800-2,000 MHz. In such a mo- 
nopole antenna, a feeder line such as a coaxial cable is 
connected to the bottom end of the radiation conductor 
that extends in the vertical direction. The length of the 
radiation conductor is so set that the radiation conductor 
resonates with radio waves having a desired frequency. 
[0003] In vehicular telephones etc., a dual-band mo- 
nopole antenna that can be used for transmission and 
reception of both of radio waves of an 800-MHz frequen- 
cy band and radio waves of 1 .9-GHz frequency band, 
for example, is required. Conventionally, two rod- 
shaped radiation conductors that erect from a ground 
surface of a metal plate or the like and that extend in the 
vertical direction are widely employed in this kind of du- 
al-band monopole antenna. Since the overall length of 
each of the two radiation conductors is set to A/4 (A: the 
free space wavelength of corresponding radio waves), 
one rod-shaped radiation conductor for transmission 
and reception of radio waves of a lower frequency band 
is long and the other rod-shaped radiation conductor for 
transmission and reception of radio waves of a higher 
frequency band is short. Feeder lines such as. coaxial 
cables are connected to the bottom ends of the two rod- 
shaped radiation conductors, respectively, whereby sig- 
nals having different frequencies are supplied to the re- 
spective radiation conductors. 

[0004] However, in the above-described conventional 
monopole antenna, the overall length of the rod-shaped 
radiation conductor is equal to A/4. Therefore, to trans- 
mit and receive radio waves of the 800-MHz band which 
is frequently used for cellular phones, for example, a ra- 
diation conductor whose overall length almost amounts 
to 10 cm is necessary. This means a problem that the 
height dimension is too large for use as a vehicular mo- 
nopole antenna. In addition, this kind of monopole an- 
tenna has a narrow resonance frequency band, that is, 
it resonates with only radio waves whose frequency is 
close to a particular frequency. This raises fear that the 



sensitivity may decrease extremely when ratio waves to 
be received are deviated in frequency. 
[0005] In view of the above, recently, a monopole an- 
tenna has been proposed that is reduced in height di- 
5 mension by forming a band-shaped radiation conductor 
having a constant width on the surface of a dielectric 
substrate made of ceramics or the like by printing, etch- 
ing, or a like method. According to this conventional 
technique, the overall length of the radiation conductor 
10 can be reduced by about 20% by virtue of the wave- 
length shortening by the dielectric. However, where the 
height dimension is restricted severely as in the case of 
monopole antennas for vehicular use, it is desired that 
the radiation conductor be shortened further. 

15 

SUMMARY OF THE INVENTION 

[0006] The present invention has been made in view 
of the above circumstances in the art, and an object of 

20 the invention is therefore to provide a monopole antenna 
that can easily be reduced in height dimension and 
hence can accelerate miniaturization. 
[0007] To attain the above object, a first aspect of the 
invention provides a monopole antenna comprising a di- 

?5 electric substrate that erects from a ground surface; and 
a radiation conductor that is provided on a surface of the 
dielectric substrate so as to extend in the vertical direc- 
tion, a bottom end of the radiation conductor being con- 
nected to a feeder line, the radiation conductor having 

*o a bottom portion and a top portion that is distant from 
the ground surface and is wider than the bottom portion. 
[0008] In the monopole antenna having the above 
configuration, since the top portion (capacitive region), 
having a large voltage variation, of the radiation conduc- 
es tor is wide, the capacitance is increased. In general, the 
resonance frequency of a resonance circuit lowers as 
its capacitance increases. Therefore, if the length of the 
radiation conductor is equivalent, the resonance fre- 
quency of this monopole antenna is lower than that of a 
40 monopole antenna in which a band-shaped radiation 
conductor not having a wide top portion is formed on the 
surface of a dielectric substrate. That is, providing the 
wide portion as the top portion makes it possible to set 
short a length of the radiation conductor that is neces- 
45 sary to attain resonance at a desired frequency and 
hence to reduce the height dimension of the entire mo- 
nopole antenna easily. 

[0009] In the above configuration, the dielectric sub- 
strate may be formed with through-holes or thin portions 

50 in a bottom region. In this case, the inductance increas- 
es because the dielectric constant decreases around 
the bottom portion (inductive region) of the radiation 
conductor. In general, the resonance frequency of a res- 
onance circuit lowers as its inductance increases. 

>5 Therefore, in this case, a length of the radiation conduc- 
tor that is necessary to attain resonance at a desired 
frequency can be set shorter and hence the height di- 
mension of the entire monopole antenna can further be 
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reduced. A ground electrode may be provided on the 
dielectric substrate in a bottom end region and soldered 
to the ground surface. This makes it unnecessary to 
screw the dielectric substrate to the ground surface, 
which makes work of connecting the monopole antenna 
to a feeder line such as a coaxial cable easier. 
[0010] A second aspect of the invention provides a 
monopole antenna comprising a dielectric substrate that 
erects from a ground surface; a first radiation conductor 
that is provided on a surface of the dielectric substrate 
so as to extend in the vertical direction, a bottom end of 
the first radiation conductor being connected to a feeder 
line; and a second radiation conductorthat extends par- 
allel with a plane that is approximately perpendicular to 
the dielectric substrate, the second radiation conductor 
being connected to a top end of the first radiation con- 
ductor. / 

[0011] In the monopole antenna having the above 
configuration, a maximum voltage variation occurs in 
the second radiation conductor which is connected to 
the top end of the first radiation conductor. Since the 
second radiation conductor is extended to a plane that 
is approximately perpendicular to the dielectric sub- 
strate, the capacitance is large there. In general, the res- 
onance frequency of a resonance circuit lowers as its 
capacitance increases. Therefore, if the overall height 
dimension is equivalent, the resonance frequency of this 
monopole antenna is lower than that of a conventional 
one in which only a band-shaped radiation conductor 
having a constant width is formed on the surface of a 
dielectric substrate. Therefore, in this monopole anten- 
na, an overall height dimension for attaining resonance 
at a desired frequency can be made shorter than in such 
a conventional monopole antenna. 
[0012] In the above configuration, the second radia- 
tion conductor may be a metal plate. Alternatively, a 
small dielectric substrate may be provided on the die- 
lectric substrate so as to be approximately perpendicu- 
lar to the dielectric substrate, and the second radiation 
conductor may be provided on one or both surfaces of 
the small dielectric substrate. In this case, in manufac- 
ture, the first and second radiation conductors can be 
formed together on the surfaces of the dielectric sub- 
strate and the small dielectric substrate that are formed 
from a common substrate, which is suitable for mass- 
production. In addition, the resonance frequency can 
further be lowered by utilizing the wavelength shorten- 
ing effect of the small dielectric substrate. 
[0013] In each of the above configurations according 
to the second aspect of the invention, the first radiation 
conductor may have a bottom portion and a top portion 
(capacitive region)that is distant from the ground sur- 
face and is wider than the bottom portion. In this case, 
the capacitance of the first radiation conductor increas- 
es and hence the resonance frequency further lowers. 
Therefore, the height dimension of the entire monopole 
antenna can further be reduced. 
[0014] In each of the above configurations according 



to the second aspect of the invention, the dielectric sub- 
strate may be formed with through-holes or thin portions 
in a bottom region. In this case, the inductance increas- 
es because the dielectric constant decreases around 

5 the bottom portion (inductive region) of the radiation 
conductor. In general, the resonance frequency of a res- 
onance circuit lowers as its inductance increases. 
Therefore, in this case, a length of the radiation conduc- 
tor that is necessary to attain resonance at a desired 

10 frequency can be set shorter and hence the height di- 
mension of the entire monopole antenna can further be 
reduced. A ground electrode may be provided on the 
dielectric substrate in a bottom end region and soldered 
to the ground surface. This makes it unnecessary to 

15 screw the dielectric substrate to the ground surface, 
which makes work of connecting the monopole antenna 
to a feeder line such as a coaxial cable easier. 
[0015] A third aspect of the invention provides a mo- 
nopole anlenna comprising a dielectric substrate that 

20 erects from a ground surface; a first radiation conductor 
that is provided on a surface of the dielectric substrate 
so as to extend in the vertical direction and that has a 
feeding point at a bottom end; and a second radiation 
conductorthat is provided on a surface of the dielectric 

25 substrate so as to have approximately the same shape 
as the first radiation conductor and to have a parallel 
positional relationship with the first radiation conductor, 
and that has a feeding point at a bottom end, wherein 
the first and second radiation conductors have different 

30 lengths and signals having the same frequency are sup- 
plied to the feeding points of the first and second radia- 
tion conductors, respectively. 

[0016] In the monopole antenna having the above 
configuration, by coupling appropriately together the 

35 first radiation conductor and the second radiation con- 
ductorthat are slightly different from each otherin length 
by using a capacitor or the like, the monopole antenna 
can resonate with both of radio waves whose wave- 
length corresponds to the length of the first radiation 

40 conductor and radio waves whose wavelength corre- 
sponds to the length of the second radiation conductor, 
whereby the resonance frequency band can be widened 
to a large extent. Since the first and second radiation 
conductors are formed on the surface of the dielectric 

45 substrate made of ceramics or the like, the length of 
each radiation conductor can be set with an additional 
effect of wavelength shortening by the dielectric. There- 
fore, the height dimension of the monopole antenna can 
easily be reduced. 

so [0017] In the above configuration, the first radiation 
conductor may be provided on one surface of the die- 
lectric substrate and the second radiation conductor 
may be provided on the opposite surface of the dielectric 
substrate. This allows each radiation conductor to be 

55 designed easily so as to have a desired shape. For ex- 
ample, each of the first and second radiation conductors 
may be so designed as to have a wide top portion (ca- 
pacitive region) that is distant from the ground surface 
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so that the capacitance of each radiation conductor is 
increased. Since the resonance frequency lowers ac- 
cordingly, a length (height dimension) of each radiation 
conductor that is necessary to attain resonance at a de- 
sired frequency can further be reduced. 
[0018] There may be provided a third radiation con- 
ductor that is provided on the dielectric substrate so as 
to extend parallel with a plane that is approximately per- 
pendicular to the dielectric substrate, the third radiation 
conductor being connected to the top end of the first ra- 
diation conductor; and a fourth radiation conductor that 
is provided on the dielectric substrate so as to extend 
parallel with a plane that is approximately perpendicular 
to the dielectric substrate, the fourth radiation conductor 
being connected to the top end of the second radiation 
conductor. With this structure, the capacitance of the 
first and third radiation conductors as an integrated ra- 
diation conductor and the capacitance of the second 
and fourth radiation conductors as another integrated 
radiation conductor are large, whereby the resonance 
frequency can be lowered and the height dimension can 
be reduced. In this case, a small dielectric substrate may 
be provided on the dielectric substrate so as to be ap- 
proximately perpendicular to the dielectric substrate, 
and the third and fourth radiation conductors may be 
provided on a surface of the small dielectric substrate. 
This makes it possible to further reduce the height di- 
mension by utilizing the wavelength shortening effect of 
the small dielectric substrate. 

[001 9] A fourth aspect of the invention provides a mo- 
nopole antenna comprising a dielectric substrate that 
erects from a ground surface; a first radiation conductor 
that is provided on a surface of the dielectric substrate 
so as to extend in the vertical direction and to have a 
wide top portion; and a second radiation conductor that 
is provided on the surface of the dielectric substrate so 
as to extend in the vertical direction and to have a small- 
er length dimension than the first radiation conductor, 
wherein a first high-frequency signal is supplied to the 
first radiation conductor via a feeding point that is pro- 
vided at a bottom end of the first radiation conductorand 
a second high-frequency signal having a higher fre- 
quency than the first high-frequency signal is supplied 
tothe second radiation conductor via a feeding point that 
is provided at a bottom end of the second radiation con- 
ductor. 

[0020] In the above dual-band monopole antenna : the 
first radiation conductor needs to be longer than the sec- 
ond radiation conductor because the former is lower in 
resonance frequency than the latter. The first radiation 
conductor has a large capacitance because the wide 
portion is formed as the top portion (capacitive region) 
that is distant from the ground surface. In general, the 
resonance frequency of a resonance circuit lowers as 
its capacitance increases. This monopole antenna is al- 
so given the wavelength shortening effect of the dielec- 
tric substrate. Consequently, a length of the first radia- 
tion conductor that is necessary to attain resonance at 



a desired frequency (of the first high-frequency signal) 
can be reduced to a large extent and the reduction of 
the height dimension of the entire monopole antenna 
can be accelerated. In this case, a third radiation con- 
5 ductor that has approximately the same shape as and 
a different length dimension in the vertical direction than 
the first radiation conductor that is provided on one sur- 
face of the dielectric substrate may be provided on the 
opposite surface of the dielectric substrate, and the first 
10 high-frequency signal may be supplied to the bottom 
end of the third radiation conductor. The resonance fre- 
quency band can be widened by coupling appropriately 
the first and third radiation conductors to each other by 
using a capacitor or the like. 
is [0021] The fourth aspect of the invention also pro- 
vides a monopole antenna in which the first radiation 
conductor has an erect portion that is provided on a sur- 
face of the dielectric substrate so as to extend in the 
vertical direction and a horizontal portion that is provided 
20 on the dielectric substrate so as to extend horizontally 
and is connected to the top end of the erect portion. Also 
in this case, the first radiation conductor has a large ca- 
pacitance. Therefore, a length of the first radiation con- 
ductor that is necessary to attain resonance at a desired 
25 frequency can be reduced. In this case, a small dielectric 
substrate may be provided on the dielectric substrate so 
as to be approximately perpendicular to the dielectric 
substrate, and the horizontal portion of the first radiation 
conductor may be provided on a surface of the small 
30 dielectric substrate. This makes it possible to further re- 
duce the height dimension by virtue of the wavelength 
shortening effect of the small dielectric substrate. In this 
configuration, the erect portion of the first radiation con- 
ductor may have a wide top portion. This further increas- 
es es the capacitance, whereby the resonance frequency 
can further be lowered and the reduction of the height 
dimension can be accelerated. 

[0022] In each of the configurations according to the 
fourth aspect of the invention, a fourth radiation conduc- 
tor that has approximately the same shape as and a dif- 
ferent length dimension in the vertical direction than the 
second radiation conductor that is provided on one sur- 
face of the dielectric substrate may be provided on the 
opposite surface of the dielectric substrate, and the sec- 
45 ond high-frequency signal may be supplied to the bot- 
tom end of the fourth radiation conductor. The reso- 
nance frequency band can be widened by coupling ap- 
propriately the second and fourth radiation conductors 
to each other by using a capacitor or the like. 
50 [0023] A branching circuit that passes signals having 
particular frequencies may be incorporated so that a sig- 
nal having a lower frequency is supplied via a coil and 
a signal having a higher frequency is supplied via a ca- 
pacitor. This enables common use of an input voltage 
55 source. That is, the circuit configuration can be simpli- 
fied by supplying the first high-frequency signal to the 
first radiation conductor and the second high-frequency 
signal to the second radiation conductor from a common 
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input voltage source via the coil and the capacitor re- 
spectively. 

[0024] A fifth aspect of the invention provides a mo- 
nopole antenna comprising a dielectric substrate that 
erects from a ground conductor; and a radiation conduc- 
tor that is provided on a surface of the dielectric sub- 
strate, a bottom end of the radiation conductor being 
connected to a feeder line, the radiation conductor hav- 
ing a zigzagged band-shaped portion that extends in the 
vertical direction as a whole while its actual extension 
direction varies successively or continuously. It is pref- 
erable that the zigzagged band-shaped portion be 
shaped in such a manner that its actual extension direc- 
tion varies in one of a crank form, a saw-tooth form, and 
a wave 1orm. 

[0025] Providing the radiation conductor with the zig- 
zagged band-shaped portion makes it possible to in- 
crease its length without changing its height, which en- 
ables resonance wiLh radio waves having a longer 
wavelength, that is, lowers the resonance frequency. 
Therefore, a height of the radiation conductor that is 
necessary to attain resonance at a desired frequency 
can be reduced. Also with the wavelength shortening 
effect of the dielectric substrate, the height dimension 
of the monopole antenna can be reduced to a large ex- 
tent. 

[0026] In the above configuration, the radiation con- 
ductor may have, as a top portion (capacitive region) 
where a large voltage variation occurs, a wide portion 
that is wider than the zigzagged band-shaped portion. 
This can increase the capacitance. In general, the res- 
onance frequency of a resonance circuit lowers as the 
capacitance increases. Therefore, in this case, a height 
of the radiation conductorthat is necessary to attain res- 
onance at a desired frequency can further be reduced. 
[0027] Alternatively, in the above configuration, there 
may be provided a second radiation conductor that ex- 
tends parallel with a plane that is approximately perpen- 
dicular to the dielectric substrate, the second radiation 
conductor being connected to the top end of the radia- 
tion conductor. This can also increase the capacitance 
and hence can lower the resonance frequency, which 
enables height reduction of the radiation conductor. In 
this case, a small dielectric substrate may be provided 
on the dielectric substrate so as to be approximately per- 
pendicular to the dielectric substrate, and the second 
radiation conductor may be provided on one or both sur- 
faces of the small dielectric substrate. The resonance 
frequency can further be lowered by utilizing the wave- 
length shortening effect of the small dielectric substrate. 
[0028] Embodiments of the present invention will now 
be described, by way of example only, with reference to 
the accompanying diagrammatic drawings in which: 

Fig. t is a front view of a monopole antenna accord- 
ing to a first embodiment of the present invention; 
Fig. 2 is an equivalent circuit diagram of the monop- 
ole antenna of Fig. 1 ; 



Fig. 3 is a front view of a monopole antenna accord- 
ing to a second embodiment of the invention; 
Fig. 4 is a front view of a monopole antenna accord- 
ing to a third embodiment of the invention; 

5 Fig. 5 is a front view of a monopole antenna accord- 

ing to a fourth embodiment of the invention; 
Fig. 6 is a front view of a monopole antenna accord- 
ing to a fifth embodiment of the invention; 
Fig. 7 is a perspective view of a monopole antenna 

10 according to a sixth embodiment of the invention; 

Fig. 8 is an equivalent circuit diagram of the monop- 
ole antenna of Fig. 7; to a seventh embodiment of 
the invention; 

Fig. 10 is a front view of a monopole antenna ac- 
ts cording to an eighth embodiment of the invention; 

Fig. 11 is a front view of a monopole antenna ac- 
cording to a ninth embodiment of the invention; 
Fig. 12 is a graph showing a frequency character- 
istic of the monopole antenna of Fig. 11 ; 
20 Fig. 1 3 shows the structure of a monopole antenna 
according to a 10th embodiment of the invention; 
Fig. 14 shows the structure of a monopole antenna 
according to an 11th embodiment of the invention; 
Fig. 15 is a front view of a dual-band monopole an- 
25 tenna according to a 1 2th embodiment of the inven- 
tion; 

Fig. 16 is a graph showing a frequency character- 
istic of the monopole antenna of Fig. 15; 
Fig. 17 shows the structure of a dual-band monop- 
30 ole antenna according to a 1 3th embodiment of the 
invention; 

Fig. 18 is a graph showing a frequency character- 
istic of the monopole antenna of Fig. 17; 
Fig. 19 shows the structure of a dual-band monop- 
35 ole antenna according to a 1 4th embodiment of the 
invention; 

Fig. 20 is a front view of a monopole antenna ac- 
cording to a 15th embodiment of the invention; 
Fig. 21 is a front view of a monopole antenna ac- 
40 cording to a 1 6th embodiment of the invention; 

Fig. 22 shows a modification of a radiation conduc- 
tor; and 

Fig. 23 shows another modification of the radiation 
conductor. 

45 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0029] Embodiments of the present invention will be 
50 hereinafter described with reference to the drawings. 
Fig. 1 is a front view of a monopole antenna according 
to a first embodiment of the invention. Fig. 2 is an equiv- 
alent circuit diagram of the antenna of Fig. 1 . 
[0030] The monopole antenna of Fig. 1 is generally 
55 composed of a dielectric substrate 2 that erects from a 
ground surface 1 and a radiation conductor 3 that is 
formed on the surface of the dielectric substrate 2 so as 
to extend in the vertical direction. A feeder line 4 such 
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as a coaxial cable is connected to the bottom end of the 
radiation conductor 3. Ground electrodes 5 are formed 
in a bottom end region of the dielectric substrate 2 and 
are soldered to the ground surface 1 of a metal plate or 
the like. An input voltage source 6 is connected to one 
of the ground electrodes 5. A high-frequency signal is 
supplied from the input.voltage source 6 to the radiation 
conductor 3 via the feeder line 4. 
[0031] Materials such as FR-4 that are inexpensive 
and have relatively large relative dielectric constants (er 
is about 4.8, for example) are suitable for the dielectric 
substrate 2. The radiation conductor 3 and the ground 
electrodes 5 are patterned into desired shapes by etch- 
ing copper foil that is formed on the entire surface of the 
dielectric substrate 2. Alternatively, the radiation con- 
ductor 3 and the ground electrodes 5 of the same 
shapes can be formed by printing. A top portion (approx- 
imately 1/3) of the radiation conductor 3 that is distant 
from the ground surface 1 is a wide portion 3a. and a 
bottom portion (approximately 1/3) of the radiation con- 
ductor 3 that is near the ground surface 1 is a narrow 
portion 3b. A portion located between the wide portion 
3a and the narrow portion 3b has an intermediate width. 
In this embodiment, since the ground electrodes 5 in the 
bottom end region of the dielectric substrate 2 are sol- 
dered to the ground surface 1 , it is not necessary to 
screw the dielectric substrate 2 on the ground surface 
1 and work of connecting the monopole antenna to the 
feeder line 4 can be done easily. 
[0032] The monopole antenna- having the above 
structure can be represented by the equivalent circuit 
shown in Fig. 2. The circuit of Fig. 2 is such that a coil 
L and a capacitor C are connected in series to a ground- 
ed input voltage source 6 and a grounded radiation re- 
sistor R. The top portion of the radiation conductor 3 
shown in Fig. 1 can be regarded as the capacitor C 
shown in Fig. 2 because it is in a capacitive region hav- 
ing a large voltage variation. Being the wide portion 3a, 
the top portion of the radiation conductor 3 has a large 
capacitance, which lowers the resonance frequency of 
the monopole antenna. The bottom portion of the radi- 
ation conductor 3 can be regarded as the coil L shown 
in Fig. 2 because it is in an inductive region having a 
large current variation. Being the narrow portion 3b, the 
bottom portion has a large inductance because it is 
equivalent to the coil L having a small wire diameter. 
This is also a factor of lowering the resonance frequency 
of the monopole antenna. 

[0033] That is, in this embodiment, if the height dimen- 
sion of the radiation conductor 3 is equivalent, the res- 
onance frequency is lower than in a conventional mo- 
nopole antenna in which a band-shaped radiation con- 
ductor having a constant width is formed on the surface 
of a dielectric substrate. Therefore, to attain resonance 
at a desired frequency, the height dimension can be 
made smaller than in the conventional one. Specifically, 
the height dimension of the radiation conductor 3 in the 
monopole antenna according to this embodiment can 



be reduced by about 15% from the conventional one in 
which the height dimension is reduced to 75-85% by uti- 
lizing the wavelength shortening by the dielectric. 
[0034] Fig. 3 is a front view of a monopole antenna 
5 according to a second embodiment of the invention. 
Portions and members in Fig. 3 having counterparts in 
Fig. 1 are given the same reference symbols as the 
counterparts. In this embodiment, a top portion (about 
1/4) of the radiation conductor 3 is a wide portion 3c that 
10 is very wide. Since the capacitance is particularly large 
in the top portion of the radiation conductor 3 having a 
largest voltage variation and its vicinity, the resonance 
frequency is lowered to a large extent. Therefore, the 
height dimension of the entire monopole antenna can 
15 easily be reduced. 

[0035] Fig ; 4 is a front view of a monopole antenna 
" according to a third embodiment of the invention. Por- 
tions and members in Fig. 4 having counterparts in Fig. 
1 or 3 are given the same reference symbols as the 
20 counterparts. In this embodiment, a lower half portion of 
the radiation conductor 3 is a narrow portion 3b and a 
portion above the narrow portion 3b is a triangular por- 
tion 3d whose width dimension increases gradually up- 
ward. The triangular portion 3d of the radiation conduc- 
es tor 3 that is located in a capacitive region is wide, and 
the width dimension is maximum at the top end of the 
triarfgular portion 3d having a largest voltage variation. 
Therefore, as in the cases of the first and second em- 
bodiments, the resonance frequency of the monopole 
w antenna is lowered and hence the overall height dimen- 
sion can be reduced. 

[0036] Fig. 5 shows a fourth embodiment of the inven- 
tion in which the radiation conductor 3 generally as- 
sumes a V-shape and its width dimension increases 
35 gradually from the bottom end to the top end. This em- 
bodiment is expected to provide the same advantages 
as in the third embodiment. 

[0037] Fig. 6 is a front view of a monopole antenna 
according to a fifth embodiment of the invention. Por- 

40 tions and members in Fig. 6 having counterparts in Fig. 
3 are given the same reference symbols as the coun- 
terparts. In this embodiment, whereas the shape of the 
radiation conductor 3 is the same as in the second em- 
bodiment (see Fig. 3), a pair of through-holes 2a are 

45 formed through the dielectric substrate 2 in its bottom 
region, that is, on both sides of the narrow portion 3b in 
the width direction. The spaces in the through holes 2a 
have the same dielectric constant as air. As a result, the 
dielectric constant decreases around the bottom portion 

50 (inductive region) of the radiation conductor 3 and hence 
the inductance can be increased. Therefore, a length of 
the radiation conductor 3 that is necessary to attain res- 
onance at a desired frequency can be set even smaller. 
That is, the height dimension of the entire monopole an- 

>5 tenna can further be reduced. The same advantages are 
expected by forming thin portions, instead of the 
through-holes 2a, in a bottom region of the dielectric 
substrate 2. 
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[0038] Fig. 7 is a perspective view of a monopole an- 
tenna according to a sixth embodiment of the invention. 
Fig. 8 is an equivalent circuit diagram of the antenna of 
Fig. 7. 

[0039] The monopole antenna of Fig. 7 is generally 5 
composed of a dielectric substrate 22 that erects from 
a ground surface 1 , a band-shaped first radiation con- 
ductor 23 that is formed on the surface of the dielectric 
substrate 22 so as to extend in the vertical direction, a 
small dielectric substrate 24 that is placed horizontally 
on the dielectric substrate 22, and a second radiation 
conductor 25 that is formed on the almost entire top sur- 
face of the small dielectric substrate 24. A feeder line 
26 such as a coaxial cable is connected to the bottom 
end of the first radiation conductor 23. A central portion 
of the second radiation conductor 25 is connected to the 
top end of the first radiation conductor 23. Ground elec- ' 
trodes 27 are formed in a bottom end region of the die- 
lectric substrate 22 and are soldered to the ground sur- 
face 1 of a metal plate or the like. One of the ground 
electrodes 27 is connected to an input voltage source 
28. A high-frequency signal is supplied from the input 
voltage source 28 to the first radiation conductor 23 via 
the feeder line 26. 

[0040] The dielectric substrate 22 and the small die- 
lectric substrate 24 are formed from a common sub- 
strate. Materials such as FR-4 that are inexpensive* and 
have relatively large relative dielectric constants (zx is 
about 4.8, for example) are suitable for such a dielectric 
substrate. A projection 22a that projects from the top 
end of the dielectric substrate 22 is inserted in a through- 
hole 24a that is formed through the small dielectric sub- 
strate 24 at its center. The two substrates 22 and 24 are 
integrated with each other in this state with an adhesive 
or the like. The portion of the first radiation conductor 23 
that extends on the surface of the projection 22a and 
the second radiation conductor 25 which is formed on 
the surface of the small dielectric substrate 24 is elec- 
trically connected to each other via a third radiation con- 
ductor 29 that is formed on the top end face and both 
side faces of the projection 22a of the dielectric sub- 
strate 22. The second radiation conductor 25 and the 
third radiation conductor 29 are soldered to each other. 
[0041] In this embodiment, all of the first and second 
radiation conductors 23 and 25 and the ground elec- 
trodes 27 are patterned into desired shapes by etching 
copper foil. Alternatively, the first and second radiation 
conductors 23 and 25 and the ground electrodes 27 of 
the same shapes can be formed by printing. In this em- 
bodiment, since the ground electrodes 27 in the bottom 
end region of the dielectric substrate 22 are soldered to 
the ground surface 1 , it is not necessary to screw the 
dielectric substrate 22 on the ground surface 1 and work 
of connecting the monopole antenna to the feeder line 
26 such as a coaxial cable can be done easily. 
[0042] The monopole antenna having the above 
structure can be represented by the equivalent circuit 
shown in Fig. 8. The circuit of Fig. 8 is such that a coil 



L and a capacitor C are connected in series to a ground- 
ed input voltage source 28 and a grounded radiation re- 
sistor R. The top portion of the radiation conductor 23 
and the second radiation conductor 25 shown in Fig. 7 
can be regarded as the capacitor C shown in Fig. 8 be- 
cause they are in a capacitive region having a large volt- 
age variation. And the second radiation conductor 25 
having a largest voltage variation is given a wide area. 
Therefore, this monopole antenna has a large capaci- 
tance, which lowers the resonance frequency. That is, 
if the overall height dimension is equivalent, the reso- 
nance frequency of the monopole antenna according to 
this embodiment is lower than that of a conventional mo- 
nopole antenna in which a band-shaped radiation con- 
ductor having a constant width is formed on the surface 
of a dielectric substrate. Therefore, to attain resonance 
at a desired frequency, the height dimension of this mo- 
nopole antenna can be made smaller than in the con- 
ventional one. Being an inductive region having a large 
current variation, the bottom portion of the first radiation 
conductor 23 can be regarded as the coil L shown in 
Fig. 8. 

[0043] Providing the second radiation conductor 25 
on the surface of the small dielectric substrate 24 as in 
this embodiment enhances the effect of lowering the 
resonance frequency by the wavelength shortening by 
the small dielectric substrate 24. It is expected that the 
effect of lowering the resonance frequency is obtained 
even in a case that the second radiation conductor 25 
is a metal plate. However, providing the second radia- 
tion conductor 25 on the surface of the small dielectric 
substrate 24 is suitable for mass-production and hence 
enables cost reduction because in manufacture the first 
and second radiation conductors 23 and 25 can be 
formed together on the surfaces of the dielectric sub- 
strate 22 and the small dielectric substrate 24 that have 
been formed from a common substrate. In this embod- 
iment, the second radiation conductor 25 is formed on 
one surface of the small dielectric substrate 24. Howev- 
er, if radiation conductors formed on the top and bottom 
surfaces of the small dielectric substrate 24 are connect- 
ed to each other through a through-hole so as to serve 
as the second radiation conductor 25, the capacitance 
of the monopole antenna is further increased and hence 
its resonance frequency can be made even lower. 
[0044] Fig. 9 is a front view of a monopole antenna 
according to a seventh embodiment of the invention. 
Portions and members in Fig. 9 having counterparts in 
Fig. 7 are given the same reference symbols as the 
counterparts. In this embodiment, a top portion of the 
first radiation conductor 23 is a wide portion 23a and a 
portion under the wide portion 23a is a band-shaped 
narrow portion 23b. The small dielectric substrate 24 
and the second radiation conductor 25 are smaller than 
in the sixth embodiment. Forming the wide portion 23a 
in the capacitive region of the first radiation conductor 
23 having a large voltage variation increases the capac- 
itance of the first radiation conductor 23. Therefore, the 
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resonance frequency can be made as small as in the 
sixth embodiment even if the area of the second radia- 
tion conductor 25 is not very large. On the other hand, 
if the small dielectric substrate 24 and the second radi- 
ation conductor 25 have the same sizes as in the sixtfi 
embodiment, the resonance frequency can be made 
even lower without changing the height dimension. 
[0045] Fig. 10 is a front view of a monopole antenna 
according to an eighth embodiment of the invention. 
Portions and members in Fig. 10 having counterparts in 
Fig. 7 or 9 are given the same reference symbols as the 
counterparts. In this embodiment, whereas the shape of 
the first radiation conductor 23 is the same as in the sev- 
enth embodiment (see Fig. 9), a pair of through-holes 
22b are formed through the dielectric substrate 22 in its 
bottom region, that is, on both sides of the narrow por- 
tion 23b in the width direction. The spaces in the 
through-holes 22b have the same dielectric constant as 
air. As a result, the dieleclric constant decreases around 
the bottom portion (inductive region) of the first radiation 
conductor 23 and hence the inductance can be in- 
creased. Therefore, a length of the first radiation con- 
ductor 23 that is necessary to attain resonance at a de- 
sired frequency can be set even smaller. That is, the 
height dimension of the entire monopole antenna can 
further be reduced. The same advantages are expected 
by forming thin portions, instead of the through-holes 
22b, in a bottom region of the dielectric substrate 22. 
[0046] Fig. 11 is a front view of a monopole antenna 
according to a ninth embodiment of the invention. Fig. 
12 is*a graph showing a frequency characteristic of the 
antenna of Fig. 11. 

[0047] The monopole antenna of Fig. 11 is generally 
composed of a dielectric substrate 42 that erects from 
a ground surface 1 and two radiation conductors 43 and 
44 that are formed on the surface of the dielectric sub- 
strate 42 so as to extend parallel with each other in the 
vertical direction and that are slightly different from each 
other in length. A feeder line 45 such as a coaxial cable 
is connected to the bottom end of the first radiation con- 
ductor 43. Ground electrodes 46 are formed in a bottom 
end region of the dielectric substrate 42 and are sol- 
dered to the ground surface 1 of a metal plate or the like. 
One of the ground electrodes 46 is connected to an input 
voltage source 47. A prescribed high-frequency signal 
is supplied from the input voltage source 47 to the bot- 
tom end of the first radiation conductor 43 via the feeder 
line 45. Since the first radiation conductor 43 and the 
second radiation conductor 44 are coupled to each other 
via a capacitor 48 for impedance adjustment, the same 
high-frequency signal is supplied to the bottom end of 
the second radiation conductor 44. 
[0048] Materials such as FR-4 that are inexpensive 
and have relatively large relative dielectric constants (sr 
is about 4.8, for example) are suitable for the dielectric 
substrate 42. In this embodiment, the first and second 
radiation conductors 43 and 44 and the ground elec- 
trodes 46 are patterned into desired shapes by etching 



copper foil. Alternatively, the first and second radiation 
conductors 43 and 44 and the ground electrodes 46 of 
the same shapes can be formed by printing. 
[0049] The above-configured monopole antenna has 
5 a frequency characteristic that is indicated by a solid line 
in Fig. 12. Since the pair of radiation conductors 43 and 
44 that are slightly different from each other in length 
are formed on the surface of the dielectric substrate 42 
parallel with each other, the monopole antenna can res- 
10 onate with both of radio waves having a wavelength (fre- 
quency f,) corresponding to the length of the first radi- 
ation conductor 43 and radio waves having a wave- 
length (frequency f 2 ) corresponding to the length of the 
second radiation conductor 44. A curve of a two-dot 
is chain line in Fig. 12 represents a frequency character- 
istic of a comparative example in which a single radia- 
tion conductor that resonates with radio waves having 
a frequency f 0 (f t < f 0 < f 2 ) j S formed on the surface of 
the dieleclric substrate 42. It is seen that the resonance 
20 frequency band is much wider in this embodiment in 
which the two radiation conductors 43 and 44 are pro- 
vided than in the comparative example. Since the first 
and second radiation conductors 43 and 44 are formed 
on the surface of the dielectric substrate 42, their lengths 
25 can be set shorter in consideration of the wavelength 
shortening by the dielectric. That is, the monopole an- 
tenna according to this embodiment not only has the 
wide resonance frequency band and hence is expected 
to always provide high sensitivity but also has a small 
30 height dimension and hence is suitable for miniaturiza- 
tion. 

[0050] Fig. 1 3 shows the structure of a monopole an- 
tenna according to a 10th embodiment of the invention. 
Portions and members in Fig. 13 having counterparts in. 
35 Fig. 11 are given the same reference symbols as the 
counterparts. 

[0051] The 10th embodiment is different from the 
ninth embodiment in that a first radiation conductor 43 
is formed on one surface of the dielectric substrate 42 
40 and a second radiation conductor 44 is formed on the 
other surface and that top portions of the respective ra- 
diation conductors 43 and 44 are wide. The top portion, 
formed on the one surface of the dielectric substrate 42, 
of the first radiation conductor 43 is a wide portion 43a 
45 whose width is approximately equal to the overall width 
of the dielectric substrate 42. A narrow portion 43b is 
formed under the wide portion 43a so as to be continu- 
ous with the latter. Similarly, the top portion, formed on 
the opposite surface of the dielectric substrate 42, of the 
50 second radiation conductor 44 is a wide portion 44a 
whose width is approximately equal to the overall width 
of the dielectric substrate 42. A narrow portion 44b is 
formed under the wide portion 44a so as to be continu- 
ous with the latter. As in the case of the ninth embodi- 
55 ment, the overall length of the second radiation conduc- 
tor 44 is slightly smaller than that of the first radiation 
conductor 43 and the radiation conductors 43 and 44 
are coupled to each other via a capacitor 48 for imped- 
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ance adjustment. 

[0052] Forming the first and second radiation conduc- 
tors 43 and 44 on the front surface and the back surface 
of the dielectric substrate 42 in the above-described 
manner makes it possible to make part of each of the 
radiation conductors 43 and 44 wide without causing 
any problems. The design in which the top portion (ca- 
pacitive region), distant from the ground surface 1, of 
each of the first and second radiation conductors 43 and 
44 is wide increases the capacitance of each of the first 
and second radiation conductors 43 and 44. In general, 
the resonance frequency of a resonance circuit lowers 
as its capacitance increases. Therefore, according to 
this embodiment, a length dimension of each of the ra- 
diation conductors 43 and 44 that is necessary to attain 
resonance at a desired frequency can be reduced. This 
means an advantage that the height dimension of the 
entire monopole antenna can be reduced. 
[0053] Fig. 14 shows the structure of a monopole an- 
tenna according to an 11th embodiment of the invention. 
Portions and members in Fig. 14 having counterparts in 
Fig. 11 or 13 are given the same reference symbols as 
the counterparts. 

[0054] Inthe 11th embodiment, a small dielectric sub- 
strate 53 is placed on the dielectric substrate 42 so as 
to be approximately perpendicular to the latter and a 
third radiation conductor 51 and a fourth radiation con- 
ductor 52 are formed on the surface of the small dielec- 
tric substrate 53 parallel with each other at a prescribed 
interval. The third radiation conductor 51 is connected, 
through a through-hole (not shown), to the first radiation 
conductor 43 that is formed on one surface of the die- 
lectric substrate 42. The fourth radiation conductor 52 
is connected, through a through-hole (not shown), to the 
second radiation conductor 44 that is formed on the oth- 
er surface of the dielectric substrate 42. The small die- 
lectric substrate 53 and the dielectric substrate 42 are 
formed from a common substrate, and are integrated 
with each other with an adhesive or the like. 
[0055] Placing the third radiation conductor51 having 
a large capacitance on top of the first radiation conduc- 
tor 43 in the above-described manner makes the reso- 
nance frequency even lower. Similarly, placing the 
fourth radiation conductor 52 having a large capacitance 
on top of the second radiation conductor 44 in the 
above-described manner makes the resonance fre- 
quency even lower. Also given the wavelength shorten- 
ing effect of the small dielectric substrate 53, the mo- 
nopole antenna according to this embodiment can be 
made smaller in height dimension than that according 
to the 10th embodiment. 

[0056] Fig. 15 is a front view of a dual-band monopole 
antenna according to a 12th embodiment of the inven- 
tion. Fig. 16 is a graph showing a frequency character- 
istic of the antenna of Fig. 15. 

[0057] The monopole antenna of Fig. 15 is generally 
composed of a dielectric substrate 62 that erects from 
a ground surface 1 and two radiation conductors 63 and 



64 that are formed on the surface of the dielectric sub- 
strate 62 so as to extend in the vertical direction and 
have different lengths. Feeder lines 65 and 66 such as 
coaxial cables are connected to the bottom ends of the 
5 first radiation conductor 63 and the second radiation 
conductor 64, respectively. Ground electrodes 67 are 
formed in a bottom end region of the dielectric substrate 
62 and are soldered to the ground surface 1 of a metal 
plate or the like. The ground electrodes 67 are connect- 
to ed to respective input voltage sources 68 and 69. A first 
high-frequency signal is supplied from the input voltage 
source 68 to the first radiation conductor 63 via the feed- 
er line 65, and a second high-frequency signal is sup- 
plied from the input voltage source 69 to the second ra- 
15 diation conductor 64 via the feeder line 66. The first ra- 
diation conductor 63 is to send and receive radio waves 
of an 800-MHz band. A top portion of the first radiation 
conductor 63 is a wide portion 63a whose width is ap- 
proximately equal to the overall width of the dielectric 
20 substrate 62. A band-shaped narrow portion 63b is 
formed under the wide portion 63a so as to be continu- 
ous with the latter. The second radiation conductor 64 
is to send and receive radio waves of a 1 .9-GHz band. 
The length dimension of the second radiation conductor 
25 64 is slightly smaller than that of the narrow portion 63b 
of the first radiation conductor 63. That is, since the fre- 
quency of the second high-frequency signal that is sup- 
plied to the second radiation conductor 64 is set higher 
than that of the first high-frequency signal that is sup- 
so plied to the first radiation conductor 63, the second ra- 
diation conductor 64 is shorter than the first radiation 
conductor 63. 

[0058] Materials such as FR-4 that areinexpensive 
and have relatively large relative dielectric constants (er 

35 is about 4.8, for example) are suitable for the dielectric 
substrate 62. In this embodiment, the first and second 
radiation conductors 63 and 64 and the ground elec- 
trodes 67 are patterned into desired shapes by etching 
copper foil. Alternatively, the first and second radiation 

40 conductors 63 and 64 and the ground electrodes 67 of 
the same shapes can be formed by printing. 
[0059] The above-configured monopole antenna has 
a frequency characteristic shown in Fig. 16. The return 
loss steeply decreases in the 800-MHz band where the 

45 first radiation conductor 63 resonates and the 1 .9-GHz 
band where the second radiation conductor 64 reso- 
nates; it is seen that this monopole antenna operates in 
these two bands. To decrease the height of this dual- 
band monopole antenna, it is necessary to reduce the 

so height dimension of the first radiation conductor 63 for 
the lower-frequency (800 MHz) band. In this embodi- 
ment, since the first radiation conductor 63 has the wide 
portion 63a as the top portion and is formed on the die- 
. lectric substrate 62, the height dimension is much smail- 

55 er than in conventional monopole antennas. In monop- 
ole antennas, a capacitive region exists in atop portion 
that is distant from the ground surface. Therefore, mak- 
ing a radiation conductor wide in the capacitive region 
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increases the capacitance, which lowers the resonance 
frequency. Further, if a substrate on which the radiation 
conductor is formed is a dielectric., the wavelength of ra- 
dio waves with which the radiation conductor resonates 
is shortened and hence a shorter radiation conductor 
suffices. Therefore, in this embodiment, the first radia- 
tion conductor 63 which is formed on the surface of the 
dielectric substrate 62 and has the wide portion 63a as 
the tpp portion has a length of about 4 cm that is ex- 
tremely small for a radiation conductor for the 800-MHz 
band; The height dimension of the entire monopole an- 
tenna is so small as not to cause any problems when it 
is installed in a vehicle compartment. The height dimen- 
sion of the second radiation conductor 64 for the higher- 
frequency (1 .9 GHz) band can be set to about 3 cm in 
consideration of the wavelength shortening effect of the 
dielectric substrate 62, and hence it is not necessary to 
make its top portion wide. 

[0060] Fig. 1 7 shows the structure of a dual-band mo- 
nopole antenna according to a 13th embodiment of the 
invention. Portions and members in Fig. 1 7 having coun- 
terparts in Fig. 1 5 are given the same reference symbols 
as the counterparts. Fig. 18 is a graph showing a fre- 
quency characteristic of the monopole antenna of Fig. 
1 7. 

[0061] The 13th embodiment is different from the 12th 
embodiment in that radiation conductors are formed on 
the front surface and the back surface of the dielectric 
substrate 62 and a common input voltage source is used 
for the higher-frequency band and the lower-frequency 
band, More specifically, as shown in Fig. 17, a first ra- 
diation conductor 63 and a second radiation conductor 
64 having the same shapes as in the 12th embodiment 
are formed on one surface of the dielectric substrate 62. 
And a third radiation conductor 73 that has approximate- 
ly the same shape as the first radiation conductor 63 
and is slightly different from the latter in the length di- 
mension in the vertical direction and a fourth radiation 
conductor 74 that has approximately the same shape 
as the second radiation conductor 64 and is slightly dif- 
ferent from the latter in the length dimension in the ver- 
tical direction are formed on the opposite surface of the 
dielectric substrate 62. Although not shown in Fig. 17, 
the first and third radiation conductors 63 and 73 are 
coupled to each other via a capacitor for impedance ad- 
justment and a first high-frequency signal is supplied to 
the bottom ends of the two radiation conductors 63 and 
73. Similarly, the second and fourth radiation conductors 
64 and 74 are coupled to each other via a capacitor for 
impedance adjustment and a second high-frequency 
signal is supplied to the bottom ends of the two radiation 
conductors 64 and 74. 

[0062] With the above structure, the first and third ra- 
diation conductors 63 and 73 resonate with radio waves 
having frequencies that are slightly deviated from 800 
MHz and the second and fourth radiation conductors 64 
and 74 resonate with radio waves having frequencies 
that are slightly deviated from 1 .9 GHz. As a result, as 



shown in Fig. 18, wider resonation bands are obtained 
at 800 MHz and 1 .9 GHz. 

[0063] In the 13th embodiment a common input volt- 
age source 70 is used because a branching circuit that 
5 passes signals having particular frequencies are incor- 
porated. More specifically, a lower, first high-frequency 
signal is supplied to the first and third radiation conduc- 
tors 63 and 73 via a coil 71 and a higher, second high- 
frequency signal is supplied to the second and fourth 
10 radiation conductors 64 and 74 via a capacitor 72. In 
this manner, the circuit configuration can be simplified 
by branching a signal that is supplied from the common 
input voltage source 70 with the branching circuit and 
supplying resulting signals to the respective pairs of ra- 
*5 diation conductors. 

[0064] Fig. 1 9 shows the structure of a dual-band mo- 
nopole antenna according to a 14th embodiment of the 
invention. Portions and members in Fig. 1 9havingcoun- 
lerparts in Fig. 15 or 17 are given the same reference 
20 symbols as the counterparts. 

[0065] In the 1 4th embodiment, a small dielectric sub- 
strate 78 is placed on the dielectric substrate 62 so as 
to be approximately perpendicular to the latter and a 
horizontal portion 76 of a first radiation conductor 63 is 
25 formed on the almost entire surface of the small dielec- 
tric substrate 78. The small dielectric substrate 78 and 
the dielectric substrate 62 are formed from a common 
substrate. The substrates 62 and 78 are integrated with 
each other with an adhesive or the like in a state that a 
30 projection 62a of the dielectric substrate 62 is inserted 
in a central through-hole of the small dielectric substrate 
78. The first radiation conductor 63 is composed of an 
erect portion 75 that is formed on the surface of the di- 
electric substrate 62 so as to extend in the vertical di- 
ss rection, the horizontal portion 76 that is formed parallel 
with the surface of the small dielectric substrate 78, and 
a connecting portion 77 that is formed on the projection 
62a of the dielectric substrate 62. The erect portion 75 
and the horizontal portion 76 are connected to each oth- 
40 er by the connecting portion 77. The erect portion 75 
consists of a wide portion 63a and a narrow portion 63b 
that have approximately the same shapes as in the 1 2th 
and 13th embodiments. The connecting portion 77 is 
continuous with the top end of the wide portion 63a. The 
«5 connecting portion 77 is soldered to the horizontal por- 
tion 76. 

[0066] Providing the horizontal portion 76 having a 
large capacitance as a top portion of the first radiation 
conductor 63 for the lower-frequency (800 MHz) band 
so makes the resonance frequency even lower. Also with 
the wavelength shortening effect of the small dielectric 
substrate 78, in this embodiment, the length dimension 
of the first radiation conductor 63 can be made even 
smaller than in the 12th and 13th embodiments and 
55 hence the height dimension of the entire monopole an- 
tenna can further be reduced. Also in this embodiment,, 
afirst high-frequency signal and a second high-frequen- 
cy signal are supplied to the first radiation conductor 63 



11 



19 



EP 1 306 924 A2 



20 



and the second radiation conductor 64, respectively, 
from the common input voltage source 70 via the 
branching circuit having the coil 71 and the capacitor 72. 
[0067] Fig. 20 is a front view of a monopole antenna 
according to a 1 5th embodiment of the invention. s 
[0068] As shown in Fig. 20, the monopole antenna ac- 
cording to this embodiment is generally composed of a 
dielectric substrate 82 that erects from a ground surface 
1 of a metal plate and a radiation conductor 83 that is 
formed on the surface of the dielectric substrate 82. A to 
prescribed high-frequency signal is supplied form an in- 
put voltage source 85 to the bottom end of the radiation 
conductor 83 via a feeder line 84 such as a coaxial ca- 
ble. The radiation conductor 83 consists of a lower, zig- 
zagged band-shaped portion 83a and an upper wide 15 
portion 83b. The wide portion 83b is a conductor portion 
that is much wider than the zigzagged band-shaped por- 
tion 83a. On the other hand, the zigzagged band- 
shaped portion 83a extends in the vertical direction as 
a whole while its actual extension direction varies in 20 
crank form. The top end of the zigzagged band-shaped 
portion 83a is continuous with the bottom end of the wide 
portion 83b. 

[0069] Although in this embodiment the radiation con- 
ductor 83 is patterned by etching copper foil that is 25 
formed on the entire surface of the dielectric substrate 
82, the radiation conductor 83 having the same shape 
can be formed by printing. Materials such as FR-4 that 
are inexpensive and have relatively large relative die- 
lectric constants (er is about 4.8, for example) are suit : 30 
able for the dielectric substrate 82. 
[0070] In the monopole antenna having the above 
structure, since the radiation conductor 83 has the zig- 
zagged band-shaped portion 83a, the length dimension 
(overall length) of the radiation conductor 83 as meas- 35 
ured along its actual extension direction is much larger 
than its height dimension (overall height). Therefore, if 
having the same height dimension as an ordinary radi- 
ation conductor that extends straightly in the vertical di- 
rection, the radiation conductor 83 having the zigzagged *o 
band-shaped portion 83a resonates with radio waves 
having a longer wavelength and hence the resonance 
frequency is lower. Consequently, a height dimension of 
the radiation conductor 83 that is necessary to attain 
resonance at a desired frequency can be reduced. The *s 
dielectric substrate 82 shortens the wavelength of radio 
waves with which the radiation conductor 83 resonates. 
With this wavelength shortening effect taken into con- 
sideration, it can be said that the height dimension of 
the radiation conductor 83 can be reduced to a large so 
extent. 

[0071] The monopole antenna of Fig. 20 has a large 
capacitance because the radiation conductor 83 has the 
wide portion 83b as a top portion (capacitive region) 
where the voltage varies greatly. In general, the reso- 55 
nance frequency of a resonance circuit lowers as its ca- 
pacitance increases. Therefore, according to this em- 
bodiment, a height dimension of the radiation conductor 



83 that is necessary to attain resonance at a desired 
frequency can further be reduced. As a result, the height 
dimension of the entire monopole antenna can be made 
much smaller than that of conventional ones; miniaturi- 
zation and height reduction that are suitable for vehicu- 
lar or portable use are attained. 

[0072] Fig. 21 is a front view of a monopole antenna 
according to a 16th embodiment of the invention. Por- 
tions and members in Fig. 21 having counterparts in Fig. 
20 are given the same reference symbols as the coun- 
terparts. 

[0073] As shown in Fig. 21 , the monopole antenna ac- 
cording to this embodiment is much different from the 
1 5th embodiment in that the wide portion 83b is omitted 
and the zigzagged band-shaped portion 83a extends to 
the top end of the dielectric substrate 82 and that a sec- 
ond radiation conductor 87 is formed on the almost en- 
tire surface of a small dielectric substrate 86 that is 
placed on the dielectric substrate 82, the second radia- 
tion conductor 87 being connected to the radiation con- 
ductor 83. The small dielectric substrate 86 and the di- 
electric substrate 82 are formed from a common sub- 
strate. The two substrates 82 and 86 are integrated with 
each other with an adhesive or the like in a state that a 
projection 82a of the dielectric substrate 82 is inserted 
in a central through-hole of the small dielectric substrate 
86. The zigzagged band-shaped portion 83a accounts, 
for most of the radiation conductor 83 that is formed on 
the surface of the dielectric substrate 82. A connecting 
conductor portion 83c that is formed on the surface of 
the projection 82a and is continuous with the top end of 
the zigzagged band-shaped portion 83a is soldered to 
the second radiation conductor 87. 
[0074] Providing, in this manner, the second radiation 
conductor 87 having a large capacitance on top of the 
radiation conductor 83 most of which is the zigzagged 
band-shaped portion 83a can also lower the resonance 
frequency considerably and hence can reduce the 
height dimension of the entire monopole antenna to a 
large extent. This embodiment is also given the wave- 
length shortening effect of the small dielectric substrate 
86 in addition to that of the dielectric substrate 82, which 
is advantageous in making the monopole antenna more 
compact and smaller in height. However, it is possible 
to omit the small dielectric substrate 86 and to cause a 
metal plate that is placed on the dielectric substrate 82 
to function as the second radiation conductor 87. 
[0075] In the 15th and 16th embodiments, the zigza- 
gged band-shaped portion 83a of the radiation conduc- 
tor 83 extends in the vertical direction as a whole while 
its actual extension direction varies in crank form. How- 
ever, the shape of the zigzagged band-shaped portion 
83a is not limited to it. For example, as shown in Fig. 22, 
the zigzagged band-shaped portion 83a may extend in 
the vertical direction as a whole while its actual exten- 
sion direction varies in saw-tooth form. As another al- 
ternative, as shown in Fig. 23, the zigzagged band- 
shaped portion 83a may extend in the vertical direction 
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as a whole while its actual extension direction varies in 
wave form. 

[0076] When practiced in the above-described forms, 
the invention provides the following advantages. 
[0077] Since the top portion (capacitive region), hav- 5 
ing a large voltage variation, of the radiation conductor 
is wide, the capacitance is increased and the resonance 
frequency decreases. Therefore, a height dimension of 
the radiation conductor for attaining resonance at a de- 
sired.f req uency can be made much smaller than in con- io 
ventional monopole antennas. The invention makes it 
possible to provide a monopole antenna that can easily 
be reduced in height dimension and hence is favorable 
for miniaturization. 

[0078] A maximum voltage variation occurs in the 
second radiation conductor which is connected to the 
top end of the first radiation conductor. Since the second 
radiation conductor is extended to a plane that is ap- 
proximately perpendicular lo the dielectric substrate, the 
capacitance is large there and the second radiation con- 
ductor serves to lower the resonance frequency of the 
monopole antenna. This makes it possible to make an 
overall height dimension for attaining resonance at a de- 
sired frequency much shorter than in conventional mo- 
nopole antennas. The invention makes it possible to 
provide a monopole antenna that can easily be reduced 
in height dimension and hence is favorable for acceler- 
ation of miniaturization. 

[0079] By coupling appropriately together two radia- 
tion conductors that are slightly different from each other 30 
in length by using a capacitor or the like, the monopole 
antenna can resonate with two kinds of radio waves 
whose wavelengths correspond to the lengths of the two 
radiation conductors, respectively, whereby the reso- 
nance frequency band can be widened to a large extent. 35 
Since the two radiation conductors are formed on the 
surface of the dielectric substrate, the length of each ra- 
diation conductor can be set smaller with an additional 
effect of wavelength shortening by the dielectric. There- 
fore, the invention makes it possible to provide a supe- 40 
rior monopole antenna that has a wide resonance fre- 
quency band and hence can be reduced in height di- 
mension. 

[0080] Making wide the top portion (capacitive region) 
of the long radiation conductor (first radiation conductor) 45 
to resonate with radio waves having a lower frequency 
or providing the horizontal portion as a top portion of the 
radiation conductor can increase its capacitance and 
hence lower the resonance frequency. Also with the 
wavelength shortening effect of the dielectric substrate 50 
on which the radiation conductor is formed, a length di- 
mension of the radiation conductor that is necessary to 
attain resonance at a desired frequency can be reduced 
to a large extent. As such, the invention can provide a 
dual-band monopole antenna that can be reduced in 55 
height dimension to a large extent and hence is suitable 
for miniaturization. 

[0081] Providing the radiation conductor with the zig- 



zagged band-shaped portion enables resonance with 
radio waves having a longer wavelength, that is, lowers 
the resonance frequency. Also with the wavelength 
shortening effect of the dielectric substrate, a height of 
the radiation conductor that is necessary to attain reso- 
nance at a desired frequency can be reduced to a large 
extent. As such, the invention can provide a monopole 
antenna that can easily be reduced in height dimension 
and hence can accelerate miniaturization and height re- 
duction. 



Claims 



*5 1 . a monopole antenna comprising: 



a dielectric substrate that erects from a ground 
surface; and 

a radiation conductor thai is provided on a sur- 
face of the dielectric substrate so as to extend 
in the vertical direction, a bottom end of the ra- 
diation conductor being connected to a feeder 
line, the radiation conductor having a bottom 
portion and a top portion that is distant from the 
ground surface and is wider than the bottom 
portion. 



2. The monopole antenna according to claim 1 , where- 
in the dielectric substrate is formed with through- 
holes or thin portions in a bottom region. 

3. The monopole antenna according to claim 1 , further 
comprising a ground electrode that is provided on 
the dielectric substrate in a bottom end region and 
is soldered to the ground surface. 

4. A monopole antenna comprising: 

a dielectric substrate that erects from a ground 
surface; 

a first radiation conductor that is provided on a 
surface of the dielectric substrate so as to ex- 
tend in the vertical direction, a bottom end of 
the first radiation conductor being connected to 
a feeder line; and 

a second radiation conductor that extends par- 
allel with a plane that is approximately perpen- 
dicular to the dielectric substrate, the second 
radiation conductor being connected to a top 
end of the first radiation conductor. 

5. The monopole antenna according to claim 4, further 
comprising a small dielectric substrate that is pro- 
vided on the dielectric substrate so as to be approx- 
imately perpendicular to the dielectric substrate, 
wherein the second radiation conductor is provided 
on one or both surfaces of the small dielectric sub- 
strate. 
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6. The monopole antenna according to claim 4, where- 
in the first radiation conductor has a bottom portion 
and a top portion that is distant from the ground sur- 
face and is wider than the bottom portion. 

7. The monopole antenna according to claim 4, where- 
in the dielectric substrate is formed with through- 
holes or thin portions in a bottom region. 

8. The monopole antenna according to claim 4, further 
comprising a ground electrode that is provided on 
the dielectric substrate in a bottom end region and 
is soldered to the ground surface. 

9. A monopole antenna comprising: 

a dielectric substrate that erects from a ground 
surface; 

a first radiation conductor that is provided on a 
surface of the dielectric substrate so as to ex- 
tend in the vertical direction and has a feeding 
point at a bottom end; and 
a second radiation conductor that is provided 
on a surface of the dielectric substrate so as to 
have approximately the same shape as the first 
radiation conductor and to have a parallel po- 
sitional relationship with the first radiation con- 
ductor, and that has a feeding point at a bottom 
end, 

wherein the first and second radiation con- 
ductors have different lengths and signals having 
the same frequency are supplied to the feeding 
points of the first and second radiation conductors, 
respectively. 

1 0. The monopole antenna according to claim 9, where- 
in the first radiation conductor is provided on one 
surface of the dielectric substrate and the second 
radiation conductor is provided on an opposite sur- 
face of the dielectric substrate. 

11. The monopole antenna according to claim 10, 
wherein each of the first and second radiation con- 
ductors has a wide top portion that is distant from 
the ground surface. 

1 2. The monopole antenna according to claim 9, further 
comprising: 

a third radiation conductor that is provided on 
the dielectric substrate so as to extend parallel 
with a plane that is approximately perpendicu- 
lar to the dielectric substrate, the third radiation 
conductor being connected to a top end of the 
first radiation conductor; and 
a fourth radiation conductor that is provided on 
the dielectric substrate so as to extend parallel 



with a plane that is approximately perpendicu- 
lar to the dielectric substrate, the fourth radia- 
tion conductor being connected to a top end of 
the second radiation conductor. 

5 

13. The monopole antenna according to claim 12, fur- 
ther comprising a small dielectric substrate that is 
provided on the dielectric substrate so as to be ap- 
proximately perpendicular to the dielectric sub- 

10 strate, wherein the third and fourth radiation con- 
ductors are provided on a surface of the small die- 
lectric substrate. 

14. A monopole antenna comprising: 

15 

a dielectric substrate that erects from a ground 
surface; 

a first radiation conductor that is provided on a 
surface of the dielectric substrate so as to ex- 
20 tend in the vertical direction and to have a wide 

top portion; and 

a second radiation conductor that is provided 
on the surface of the dielectric substrate so as 
to extend in the vertical direction and to have a 
25 smaller length dimension than the first radiation 

conductor, 

wherein a first high-frequency signal is sup- 
plied to the first radiation conductor via a feeding 

30 point that is provided at a bottom end of the first ra- 
diation conductor and a second high-frequency sig- 
nal having a higher frequency than the first high- 
frequency signal is supplied to the second radiation 
conductor via a feeding point that is provided at a 

35 bottom end of the second radiation conductor. 

15. The monopole antenna according to claim 14, fur- 
ther comprising a third radiation conductor that has 
approximately the same shape as and a different 

40 length dimension in the vertical direction than the 
first radiation conductor provided on one surface of 
the dielectric substrate and that is provided on an 
opposite surface of the dielectric substrate, wherein 
the first high-frequency signal is supplied to a bot- 

45 torn end of the third radiation conductor. 

16. A monopole antenna comprising: 

a dielectric substrate that erects from a ground 

50 surface; 

a first radiation conductor having an erect por- 
tion that is provided on a surface of the dielec- 
tric substrate so. as to extend in the vertical di- 
rection and a horizontal portion that is provided 

55 on the dielectric substrate so as to extend hor- 

izontally and is connected to a top end of the 
erect portion; and 

a second radiation conductor that is provided 
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on the surface of the dielectric substrate so as 
to extend in the vertical direction and has a 
smaller length dimension than the first radiation 
conductor, 

5 

wherein a first high-frequency signal is sup- 
plied to the first radiation conductor via a feeding 
point that is provided at a bottom end of the first ra- 
diation conductor and a second high-frequency sig- 
nal having a higher frequency than the first high- w 
frequency signal is supplied to the second radiation 
conductor via a feeding point that is provided at a 
bottom end of the second radiation conductor. 

17. The monopole antenna according to claim 16, fur- 15 
ther comprising a small dielectric substrate that is 
provided on the dielectric substrate so as to be ap- 
proximately perpendicular to the dielectric sub- 
strate, wherein the horizontal portion of the first ra- 
diation conductor is provided on a surface of the 20 
small dielectric substrate. 



18. The monopole antenna according to claim 16, 
wherein the erect portion of the first radiation con- 
ductor has a wide top portion. 25 



19. The monopole antenna according to claim 14, fur- 
ther comprising a fourth radiation conductor that 
has approximately the same shape as and a differ- 
ent length dimension in the vertical direction than 
the second radiation conductor provided on one 
surface of the dielectric substrate and that is pro- 
vided on an opposite surface of the dielectric sub- 
strate, wherein the second high-frequency signal is 
supplied to a bottom end of the fourth radiation con- 
ductor. 



20. The monopole antenna according to claim 14, 
wherein the first high-frequency signal is supplied 
from an input voltage source to the first radiation 
conductor via a coir and the second high-frequency 
signal is supplied from the input voltage source to 
the second radiation conductor via a capacitor. 



21. 



The monopole antenna according to claim 16, fur- 
ther comprising a fourth radiation conductor that 
has approximately the same shape as and a differ- 
ent length dimension in the vertical direction than 
the second radiation conductor provided on one 
surface of the dielectric substrate and that is pro- 
vided on an opposite surface of the dielectric sub- 
strate, wherein the second high-frequency signal is 
supplied to a bottom end of the fourth radiation con- 
ductor. 



22. The monopole antenna according to claim 16, 
wherein the first high-frequency signal is supplied 
from an input voltage source to the first radiation 
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conductor via a coil, and the second high-frequency 
signal is supplied from the input voltage source to 
the second radiation conductor via a capacitor. 

23. A monopole antenna comprising: 

a dielectric substrate that erects from a ground 
surface; and 

a radiation conductor that is provided on a sur- 
face of the dielectric substrate, a bottom end of 
the radiation conductor being connected to a 
feeder line, the radiation conductor having a 
zigzagged band-shaped portion that extends in 
the vertical direction as a whole while its actual 
extension direction varies successively or con- 
tinuously. 

24. The monopole antenna according to claim 23, 
wherein the zigzagged band-shaped portion ex- 
tends in the vertical direction as a whole while its 
actual extension direction varies in one of a crank 
form, a saw-tooth form, and a wave form. 

25. The monopole antenna according to claim 23, 
wherein the radiation conductor has, as a top por- 
tion, a wide portion that is wider than the zigzagged 
band-shaped portion. 

26. The monopole antenna according to claim 23, fur- 
ther comprising a second radiation conductor that 
extends parallel with a plane that is approximately 
perpendicular to the dielectric substrate, the second 
radiation conductor being connected to a top end of 
the radiation conductor. 

27. The monopole antenna according to claim 26, fur- 
ther comprising a small dielectric substrate that is 
provided on the dielectric substrate so as to be ap- 
proximately perpendicular to the dielectric sub- 
strate, wherein the second radiation conductor is 
provided on one or both surfaces of the small die- 
lectric substrate. 
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